Next-generation sequencing (NGS) is increasingly being used in a clinical setting for the molecular diagnosis of patients with heterogeneous disorders, such as premature ovarian insufficiency (POI). We performed NGS of~1000 candidate genes in four unrelated patients with POI. We discovered the genetic cause of "isolated" POI in two cases, both of which had causative variants in surprising genes. In the first case, a homozygous nonsense variant in NBN was causative. Recessive function-altering NBN variants typically cause Nijmegen breakage syndrome characterized by microcephaly, cancer predisposition, and immunodeficiency, none of which are evident in the patient. At a cellular level, we found evidence of chromosomal instability. In the second case, compound heterozygous variants in EIF2B2 were causative. Recessive EIF2B2 function-altering variants usually cause leukoencephalopathy with episodic decline. Subsequent MRI revealed subclinical neurological abnormalities. These cases demonstrate that variants in NBN and EIF2B2, which usually cause severe syndromes, can cause apparently isolated POI, and that (1) NGS can precede clinical diagnosis and guide patient management, (2) NGS can redefine the phenotypic spectrum of syndromes, and (3) NGS may make unanticipated diagnoses that must be sensitively communicated to patients. Although there is rigorous debate about the handling of secondary/ incidental findings using NGS, there is little discussion of the management of causative pleiotropic gene variants that have broader implications than that for which genetic studies were sought.
Introduction
Premature ovarian insufficiency (POI, OMIM #311360), affecting up to 1 in 100 women [1] , is defined as cessation of menstruation with elevated follicle-stimulating hormone (FSH). POI etiology is diverse. It can be secondary to medical interventions, infections, or autoimmune disease. It can also be associated with metabolic and storage disorders, chromosomal instability disorders, and neurological disorders.
A number of studies have demonstrated a genetic component to POI pathogenesis; however, it is highly heterogeneous with no common genetic cause [2] . There are over 50 different genes implicated in the condition [2] . Many of these genes cause syndromic POI with clear genotype:phenotype associations. However, substantially less is known about the genetics of isolated POI. There are currently~20 genes associated with isolated POI, but each explains only a small fraction of patients. Despite a clear genetic basis for POI and a large number of known POIrelated genes, the majority of patients remain without a genetic diagnosis. The heterogeneity of POI and the incomplete understanding of POI genetics makes it suitable for studies using next-generation sequencing (NGS).
Our laboratory established a high-throughput NGS panel to sequence~1000 genes known to be, or putatively, involved in disorders of sex development (DSD), including many POI-related genes [3] . We tested the utility of this panel for the genetic diagnosis of POI in a small pilot of four patients. We were able to make genetic diagnoses in two patients. One had function-altering (pathogenic/ causative/damaging) variants in NBN encoding an important factor for the DNA damage response, while the other had causative variants in EIF2B2 encoding a subunit of the eukaryotic translation initiation factor 2B. Despite these being known POI-related genes, neither patient presented with the hallmark features related to variants in these genes. We used experimental and literature evidence to confirm variant impact, and to broaden and consolidate the accepted phenotypic spectrum of patients harboring variants affecting the function of these genes.
Our study confirms the utility of using NGS for the molecular diagnosis of women with POI, provides valuable insights into POI pathogenesis, highlights the blurred boundary between isolated and syndromic POI, and demonstrates benefits and sensitivities of using NGS for patient diagnosis.
Methods

Ethical adherence
Informed consent was obtained from all participants. All procedures were in accordance with the ethical standards of the Human Research Ethics Committee of the Royal Children's Hospital, Melbourne.
Participants
The four patients included experienced POI in adolescence (diagnosis age range: 16-19 years). Apart from a congenital nerve defect reported for one patient, all others were diagnosed with isolated POI.
DNA preparation, Sanger sequencing, and RT-PCR
Genomic DNA was extracted from EDTA-blood samples by the Victorian Clinical Genetics Service (VCGS). Concentration and integrity were assessed by Qubit dsDNA BR Assay (Thermo Fisher Scientific) and TapeStation (Agilent), respectively. Selected SNVs were validated by Sanger sequencing using BigDye v3.1 Terminators (Applied Biosystems) and ABI 3130×, as per the manufacturers' protocols. RNA was extracted from transformed lymphoblasts using TRIZOL Reagent (Invitrogen), and cDNA was generated using GoScript™ Reverse Transcription System (Promega) as per the manufacturers' protocols. PCR primers were as previously described [4] . Data were submitted to ClinVar (SCV000692468-SCV000692470, https://www.ncbi.nlm.nih.gov/clinvar/).
HaloPlex NGS
A HaloPlex Custom Panel (Agilent Technologies) was designed to incorporate~1000 genes known or predicted to be involved in DSD [3] . Procedures were as previously described [3] .
Data analysis
The data from the sequencing run were analyzed using Cpipe [5] . Variants were filtered out if they had a frequency ≥ 0.01 in the 1000 genomes [6] or the NHLBI GO Exome Sequencing Project [7] , or if they had been called ≥15 times in previous runs of the custom HaloPlex panel. Variant frequencies, including population-specific frequencies where relevant, were manually inspected using ExAC [8] . Noncoding variants (unless likely to affect splicing) and synonymous variants were filtered out (using snpeff annotation, http://snpeff.sourceforge.net/). The remaining variants were considered for their mode of inheritance and predicted impact on function based on four different prediction algorithms-Polyphen2 (genetics.bwh. harvard.edu/pph2), SIFT (sift.bii.a-star.edu.sg), LRT (http://www.genetics.wustl.edu/jflab/lrt_query.html), and MutationTaster (http://www.mutationtaster.org/).
Results
Patient 1 has a homozygous NBN nonsense variant
Patient 1 had 1821 variants detected by our DSD panel, of which 416 were predicted to affect the coding sequence or splicing. Forty of these were rare, only one of which was inherited in a recessive manner (Table 1) , an apparently homozygous c.871C>T (p.(Gln291*)) nonsense variant in NBN (NM_002485.4, ClinVar SCV000692468). The variant had only a moderate quality score of 46 and depth of 26, but manual inspection of the variant and Sanger sequencing verified that it was a true variant Likely errors were discounted by manual inspection using IGV (Fig. 1a, b) . The patient's mother was heterozygous for the variant. Paternal DNA was not available for testing. The variant was not found in the~120,000 NBN alleles sequenced in the ExAC database. We did not perform Sanger sequencing of control women with normal menopause, as a large number are presumably sequenced within the publicly available population data, from which the variant is absent. Consanguinity was not reported. To determine whether one allele was a deletion that escaped detection by NGS, we performed a microarray of patient DNA. This analysis revealed an 8.4-Mb-long contiguous stretch of homozygosity on 8q21.3 containing the NBN gene, suggesting that the patient inherited a homozygous variant identical by descent. Using the criteria established by the American College of Medical Genetics and Genomics and the Association for Molecular Pathology [9] , this variant was considered function-altering ( Table 2) .
Patient 1 has a NBN variant affecting function but an atypical phenotype There are at least 15 different clinically relevant NBN variants reported (Fig. 1c) . These typically cause Nijmegen breakage syndrome (NBS), which is an autosomal recessive disorder characterized by microcephaly, growth retardation, dysmorphic faces, intellectual disability, combined immunodeficiency, radiosensitivity, and predisposition to malignancies. There is a high incidence of POI in affected females [10] . Heterozygous NBN variants are associated with increased cancer risk [11, 12] . Patient 1 was referred to the Gynaecology Department of the Royal Children's Hospital (Melbourne, Australia) for investigation into primary amenorrhea at 16 years of age. The patient's AMH level was <3.0 pmol/L (normal reference range > 14.0). FMR1 analysis was normal and karyotype analysis revealed a normal 46,XX chromosomal complement. She had no history of ovarian surgery or chemo-or radiotherapy. She had no history of recurrent infections or malignancy. Immunoglobulin investigations were normal. Anti-nuclear antibodies (ANA) were positive. A complete autoimmune profile revealed a slightly elevated anti-dsDNA of 28 IU/mL (normal reference range < 20 IU/ mL). No microcephaly, growth retardation, or facial dysmorphia were apparent. The patient received a diagnosis of isolated POI, and NBS was never considered based on the clinical phenotype at presentation.
Patient 1 has chromosomal instability
NBN encodes nibrin which is one of the three subunits of the MRN complex (MRE11:RAD50:NBN). The MRN complex has important roles in repair of DNA double-strand breaks, cell-cycle control, telomere maintenance, and recombination [13] [14] [15] . One of the key roles of the MRN complex is to activate ATM which subsequently interacts with hundreds of effectors to trigger the DNA damage response [16] . NBN is responsible for the translocation of MRN to the nucleus [17] , as well as its assembly at sites of DNA damage [18] . The important domains and residues of NBN are shown in Fig. 1c . Because NBN plays such a key role in the DNA damage response, NBN variants that impair function result in chromosomal instability. This chromosomal instability is responsible for the cancer predisposition and immunodeficiency of NBS patients.
To test whether our patient has cellular predisposition to chromosomal breakage, we performed a cytogenetic analysis of patient blood. Of 25 cells examined, four cells showed non-clonal abnormalities. One cell had a translocation of chromosomes 7 and 14: t(7;14)(q32;q11.2), whereas the other three cells had t(3;19)(p21;q13.3), dup(18)(q11.2q23), and t(3;10)(q21;q21.2), respectively. Spontaneous non-clonal rearrangements, particularly of chromosome 7 and 14, are consistent with NBS and suggest a high degree of chromosomal instability. Such aberrations are extremely rare in individuals without chromosomal breakage disorders.
The c.871C>T NBN variant is expressed in Patient 1 cDNA
In the mouse, deletion of Nbn causes embryonic lethality [19] . Consistent with this, human NBN variants found in NBS patients are likely hypomorphic rather than null variants. This has been confirmed for the most common causative NBN variant which results in the generation of partially functional truncated protein due to the use of a cryptic start site upstream of the variant [20] .
Considering that Nbn null variants in mice are lethal and that alternative NBN protein products are common in patients with NBS, we hypothesized that the c.871C>T (p.(Gln291*)) variant may similarly cause an alternative protein product. Analysis using Human Splicing Finder (http://www.umd.be/HSF3/), revealed that the variant interrupted an exonic splicing enhancer and introduced an exonic splicing repressor, suggesting that it may cause nonsense-mediated alternative splicing (NAS). Het heterozygous, hom homozygous, PVS very strong evidence, PS strong evidence, PM moderate evidence, PP supporting evidence a Based on the scoring matrix outlined in American College of Medical Genetics and Genomics and the Association for Molecular Pathology guidelines [9] To test this theory, we sought to investigate NBN splicing in transformed patient lymphoblasts. Patient lymphoblasts grew poorly in culture and could not be propagated indefinitely. A poor proliferation capacity of NBN patient lymphocytes has been reported previously [21] and may be a consequence of chromosomal instability. We retrieved enough RNA to perform RT-PCR capturing exons 5-10 of the NBN gene (exons as per NG_008860.1) (Fig. 2a) . This generated a single product of comparable size to controls (Fig. 2b) . Sequencing revealed that the RT-PCR product was not different from the wild-type transcript, other than carrying the c.871C>T (p.(Gln291*)) nonsense variant and a benign c.553G>C (p.(Glu185Gln)) variant (Fig. 2c) . The presence of normally spliced transcripts indicates that the nonsense variant does not cause complete nonsense-mediated decay, although any truncated protein would lack all the C-terminal domains important for the DNA damage response. Unfortunately, the poor proliferation and survival of patient lymphoblasts precluded protein analysis.
Patient 2 has compound heterozygous EIF2B2 variants
Patient 2 had 1797 variants identified by our sequencing panel. Of these, 403 were predicted to affect the coding sequence or splicing, and of these, 48 were considered rare. There were five genes fitting recessive inheritance, only one of which was a known POI-associated gene, EIF2B2 ( Table 1 (Fig. 3a) . The variants were validated by Sanger sequencing (Fig. 3b) . We did not sequence these variants in control women with normal menopause; however, they are very rare variants based on publicly available data. The c.514C>T (p.(Arg172*)) variant found in Patient 2, who was of Vietnamese descent, was found in 1 of 8578 alleles in the East Asian population but not in any other population according to the ExAC database [8] . The c.818A>G (p.(Lys273Arg)) variant was found in 1 of 16,500 alleles in the South Asian population but not in any other population [8] . The latter variant is, however, a previously reported variant affecting function, and associated with disease [22] [23] [24] . Sequencing parental DNA confirmed compound heterozygosity with the c.514C>T (p.(Arg172*)) variant inherited on the maternal allele, and the c.818A>G (p.(Lys273Arg)) variant inherited on the paternal allele (Fig. 3b) . Using established guidelines [9] , this variant is considered function-altering (Table 2) .
Patient 2 has EIF2B2 variants affecting function but an atypical phenotype EIF2B2 encodes one of the five subunits of the eukaryotic translation initiation factor 2B (EIF2B). EIF2B is a guanine nucleotide exchange factor and its role is to recharge EIF2 with GTP so that it can be available for future initiation of translation [25] . When EIF2 is phosphorylated as occurs under cellular stress, it preferentially binds EIF2B. EIF2B is less available to EIF2-GDP, thereby reducing the guanine nucleotide exchange and reducing protein synthesis [26] . EIF2B, therefore, controls the rate at which protein synthesis occurs, particularly under stress conditions.
Variants affecting the function of any of the five subunits of the EIF2B complex can cause autosomal recessive leukoencephalopathy with vanishing white matter (VWM) [27] . The classical presentation of VWM disease is onset of 2-5 years with cerebellar ataxia and spasticity, associated with cavitating cerebral white matter seen on MRI [28] . Other features that can be present include optic atrophy, epileptic seizures, psychiatric disturbances, and severe headache or migraine. The white-matter degeneration is progressive, and patients often experience episodic decline, particularly in the context of stress, such as infection/fever or minor head trauma. Disease presentation, however, can be highly variable ranging from fatal infantile forms to adult-onset forms with milder progression in cognitive and physical decline [29] . Due to the clinical variability, the term "eIF2B-related disorders" is now widely used. One eIF2B-related disorder is ovarioleukodystrophy [30] . Patients with ovarioleukodystrophy have POI, as well as neurodegeneration and evidence of VWM on MRI. Patient 2, with EIF2B2 function-impairing variants, experienced primary amenorrhea and was diagnosed with POI when she was 19-years old. Her AMH level was <0.3 pmol/L and FSH was 54.3, 50.8, and 50.2 on three separate occasions with >1-month interval. Her karyotype was normal, as was FMR1 analysis. She had no relevant history of ovarian surgery or chemo-or radiotherapy. She is currently 29 years of age and does not report any difficulties with cognition or movement, and there were no apparent signs of neurological involvement. She received a diagnosis of isolated POI.
Because EIF2B2 variants are associated with VWM, Patient 2 underwent MRI investigation. MRI showed multiple abnormalities, including a focal region of gliosis and encephalomalacia in the medial right frontal lobe which was typical of a chronic right anterior cerebral artery territory infarct. Extensive confluent areas of white-matter signal abnormality were also observed, adjacent to the lateral ventricles, particularly the frontal horns and bodies bilaterally. Interestingly, the conclusion reached by radiology alone was that the infarct with cortical involvement was of vascular cause, such as perinatal insult or underlying vasculopathy/ vasculitis, rather than a primary leukoencephalopathy. Further patient consultation revealed that she had experienced a parasitic infection following a trip to Vietnam. In addition to liver and lung lesions, she developed a brain abscess which required surgery. Several months later, she experienced high fever and clouded consciousness. These events were attributed to her prior infection, and resolved.
Considering the EIF2B2 variants carried by Patient 2, however, a likely explanation for the white-matter abnormality, and the clouded consciousness experienced after fever is ovarioleukodystrophy. Given that the patient is asymptomatic in terms of neurological functioning, and MRI alone did not indicate a primary leukodystrophy, her accurate clinical diagnosis relied on genetic analysis.
Discussion
We have used NGS to provide molecular diagnoses to patients with isolated POI. Surprisingly, two patients with a clinical diagnosis of isolated POI, had variants affecting function in genes classically associated with severe syndromic phenotypes.
NBN variants can cause "isolated" POI
Despite NBN function-altering variants typically causing NBS, there are two previous reports of variants that cause a milder phenotype. A sibling pair presented with isolated infertility but cellular features of a chromosomal instability disorder [31] . Another woman presented only with POI and mild microcephaly but, similarly, had the cellular features of NBS [4] . The mild phenotype is proposed to be due to partially functional NBN generated by alternative start site usage in the sibling pair and alternative splicing in the other patient. The latter patient appears resistant to cancer predisposition, because at the last report, she was 62-years old and had no history of malignancy. Interestingly, however, her sister died at an early age of lymphoma, a typical NBS cancer. Her sister also had POI and is suspected to have shared the NBN variant [4] . The discrepant phenotype between sisters, suggests that other factors may have protected the known living and healthy patient. Genetic or environmental modifiers may protect some patients from the full clinical phenotype. This remains a possible explanation for the mild phenotype in our patient, who is homozygous for a nonsense variant that is predicted to truncate the NBN protein, such that it lacks multiple functional domains.
In spite of a mild phenotype and the lack of malignancy in these previously reported patients [4, 31, 32] , they had a high incidence of chromosomal aberrations. Similarly, our patient demonstrated a high degree of chromosomal instability. Presumably, the partially functional NBN protein in the previously reported patients allows some DNA damage response, so that such aberrations do not have the dire consequence of classical NBS variants. The lymphoma and subsequent death of one patient's sister who is suspected of carrying an NBN variant [4] , however, highlights the potential for a residual increased cancer risk. As more patients are identified, the prognosis of patients with NBN variants affecting function will become clearer.
NBN variants do not seem to be a common cause of isolated POI. Cytogenetic analysis of 96 patients with isolated POI and subsequent NBN sequencing in two patients who had evidence of chromosomal instability indicative of a repair defect, did not identify any variants [31] . Our patient is the second reported patient with isolated infertility, and the third reported patient with a mild phenotype associated with NBN variants, confirming that a broad clinical spectrum, including isolated POI, exists for patients with this genetic disruption.
Implications for Patient 1 management
Patient 1 enrolled in our study investigating the genetic basis of POI, with an established diagnosis of isolated POI. Her participation was preceded by thorough discussion at clinical consultation, and the information provided prior to NGS warned of incidental findings, but stated that variants unrelated to the condition in question would not be analyzed or reported.
However, when the molecular cause of POI was discovered in this patient, it raised several questions and harbors a potential burden. We cannot eliminate a possible cancer predisposition for this patient. It is reassuring that one previously reported patient has lived into late-middle age without any malignancy. As the previously reported patient's sister died at a young age from lymphoma (a common type of cancer in NBS patients), it hints at a possible sensitivity to cancer. Indeed, our patient has evidence of chromosomal instability, which may put her at future risk of cancer development.
Because the NBN variant is directly related to the condition in question, for which the patient participated in our study, it is appropriate that our finding be communicated to her. In clinical consultation, it was emphasized that this is a research finding, and not diagnostic, and comes with some uncertainty. The patient was counseled about a possible predisposition to cancer. Clinical management of this patient may now be modified to include surveillance for cancer. Although the genetic diagnosis may have been unanticipated by the patient, both the counseling and management of this patient have changed, potentially improving her health and well-being.
EIF2B2 variants can cause "isolated" POI All reported patients with homozygous or compound heterozygous-function-impairing variants in EIF2B, have neurological pathology. Patient 2 had no overt neurological impairment and her diagnosis at the outset of this study, was isolated POI.
In some cases of EIF2B-related ovarioleukodystrophy, ovarian failure can precede neurological decline, or neurological damage may be incidentally found on MRI [30] . Examples include a 16-year-old girl who experienced amenorrhea and had an MRI for recurrent headaches that detected leukodystrophy [30] ; another woman experienced POI at the age of 24, and then progressive gait, cognitive, and behavioral changes from the age of 61 [33] ; and a woman who experienced secondary amenorrhea and juvenile cataracts in her early 20s followed by clumsiness and gait disturbance at the age of 43 [34] .
There is little genotype:phenotype correlation for EIF2B variants. There are over 100 different known variants responsible for EIF2B-related disorders [27] , and at least 20 causative variants in EIF2B2 specifically (Fig. 3c) . The same variant can have variable clinical consequences, even within a single family [24] . A small number of variants tend to be associated with more mild or more severe disease, such as the c.338G>A (p.(Arg113His)) variant in EIF2B5 which is associated with adult-onset milder disease [24] , or the c.584G>A (p.(Arg195His)) variant in EIF2B5 which is associated with severe disease and death before the age of 2 years [24, 35] , but there remain atypical cases, and genotype:phenotype correlations are not rigid.
The particular nature of the variants in Patient 2 is unlikely responsible for her milder disease. The spectrum of reported function-impairing EIF2B2 variants is shown in Fig. 3c . The majority of function-impairing variants cluster in the middle portion of the protein and cause childhoodonset VWM disease. The c.514C>T (p.(Arg172*)) variant identified in our patient falls within this cluster and is predicted to encode a truncated protein, like many diseaseassociated variants in its vicinity.
The second allele in Patient 2 harbors a previously reported c.818A>G (p.(Lys273Arg)) variant. This variant is causative in multiple unrelated patients with varying clinical severity [22] [23] [24] , and the in vitro GEF activity of recombinant protein is impaired [36] .
There is clear potential for environmental influence on the phenotype, with exposure to stress precipitating episodic decline. It is possible that our patient has experienced fewer stresses, leading to her preserved cognitive and physical function. It appears that female sex may be somewhat protective for disease severity with more females than males presenting with the adult-onset form of disease [37] . A correlation between the severity of POI and the age of onset of neurological decline has been demonstrated [30] . Therefore, it may be surprising that Patient 2 has not experienced any overt neurological decline, given her primary amenorrhea.
It is not yet established whether the EIF2B genes may have a role in isolated POI, or whether neurological decline is inevitable in patients identified with EIF2B functionimpairing variants. Recognizing the potential role of EIF2B in isolated POI, Fogli et al. [38] screened 93 POI patients for variants that have previously been reported in ovarioleukodystrophy or mild VWM disease, however, no variants were identified. This study was limited in only screening for a subset of previously reported functionimpairing variants, and other EIF2B variants may still have a role in isolated POI pathogenesis.
Implications for Patient 2 management
Patient 2, with causative EIF2B2 variants, is currently 29-years old and her clinical diagnosis at the study outset was isolated POI, unlike all reported cases of EIF2B2 variants which include neurological impairment, at least subclinically in the form of migraines, and abnormal MRI.
Similar to the aforementioned case, the diagnosis of causative EIF2B2 variants has potentially serious implications for her future health. It is likely, but not definite, that this patient will experience neurological decline. The discovery of EIF2B2 variants prompted neurological assessment by MRI, which showed extensive white-matter abnormality. The clinicians and counselors working with this patient had to be careful and sensitive, being aware that the diagnosis of a neurodegenerative disease might cause stress which could in itself trigger episodic decline.
Knowing about a risk of neurological decline may empower a patient to make practical or lifestyle changes to better accommodate future challenges. The patient can minimize the future risk of head trauma, fever, or fright, thereby reducing the threat of future neurological decline.
NGS for molecular diagnosis
NGS is clearly a powerful tool for the genetic diagnosis of disease, particularly for rare and heterogeneous diseases such as POI. Without NGS, the two cases described here would be unlikely to receive a genetic diagnosis. NBN and EIF2B2 would not be high priorities for candidate-gene sequencing in cases of isolated POI.
The two cases presented here are women with perceived isolated POI, who in fact harbored function-impairing variants in pleiotropic genes. This raises important issues in medical ethics in the current genomic era. There is much debate about the use of NGS and the potential for incidental finding; however, little attention is paid to the impact of pleiotropic results [39] . The two cases presented here, demonstrate scenarios that may increasingly be encountered. A full appreciation of the potential impact of genetic diagnosis must be appreciated by both clinicians and patients before commencing NGS.
Now that genetic studies can precede full clinical phenotype manifestation, it is also important that clinicians have an appreciation of the variable presentation of patients with variants in syndromic or pleiotropic genes, to ensure that appropriate information about potential health risks is communicated. It is important, for example, that future individuals found to have NBN variants are made aware that their clinical course may differ greatly from the severe and classical form of disease.
This study describes the successful identification of POI causative variants in two of four patients who underwent sequencing for a panel of~1000 genes predicted to be involved in DSD. This is a small sample size of patients so we do not make any conclusions about the diagnostic yield of this panel for POI patients in general. This panel does not capture all known POI-related genes, so the two patients for whom we failed to identify causative variants, may have variants in genes not covered by our panel. Alternatively, they may have exonic deletions or duplications that are difficult to detect with NGS, or complex/multigenic inheritance that is difficult to identify and interpret. Future analysis of these patients using genomic tools such as whole-exome sequencing or copy-number variant analysis will hopefully yield genetic diagnoses.
Conclusion
Here, we have described the genetic diagnosis of two patients with apparent isolated POI. We have reported new function-altering variants in NBN and EIF2B2, encoding components of the DNA repair machinery and the translation initiation machinery, respectively. We have demonstrated the power, but also the challenges, of using NGS for molecular diagnosis. The patients described in this report raise questions about the management of pleiotropic gene variants when the full clinical manifestation of disease is unknown, and highlight the need for awareness of atypical presentation of genetic syndromes.
